We propose a rheology-based viscoelastic-viscoplastic constitutive model in which the deformation gradient is mutiplicatively decomposed into viscoelastic and viscoplastic components. The viscoelastic and viscoplastic rheology elements are connected in series, and the stress is determined only in the former element, which is modified by the back stress introduced in the latter one to represent the hardening due to orientation of molecular chains. The standard generalized Maxwell model is used to characterize the viscoelastic material behavior at small or moderate strain regime, while a proven finite strain viscoplastic model is employed to realize the transient creep deformations due to frictional resistance of molecular chains. After identifying the material parameters with reference to experimental data and verifying the fundamental performance of the proposed model in reproducing typical material behavior of resin, we carry out two kinds of numerical analyses for simple structures to demonstrate its applicability for practical use.
(5) J = J ve (3) F = F veFvp
Cauchy-Green
Cauchy-Green Fig. 2 Multiplicative decomposition of the deformation gradient into separate deformation gradient, each of which represent the corresponding configuration of a continuum. The body is first mapped from the reference configuration B o to the viscoplastic configuration B vp with the viscoplastic deformation gradient F vp through the thermally dilated configuration B th . Here, the viscoplastic configuration is a mathematical space that only realizes in the vicinity of material point, and is followed by the current configuration B t that is mapped with viscoelastic deformation gradient F ve .
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2 3 4 5 True strain True stress [MPa] 0 1 Fig. 6 Experimental data of the uniaxial tensile test . The data shows the relationship between the true stress and true strain for 4 levels of deformation rates; 0. Fig. 7 Identification results. The result successfully captures the stress softening after quasi-yielding and followed by the orientation-hardening phenomenon. However, in all the cases, the initial elastic regime deviate from the experimental one and the hardening progresses in the large deformation regime are almost in parallel. These discrepancies must be due to the lack of the data of dynamic viscoelastic behavior. Fig. 8 Relationships between true stress and true strain obtained under tensile loading, unloading and sustaining conditions. The higher the initial yield stress, the higher the deformation rate, due to the deformation rate dependence of the yielding behavior. After the stress softening, all the true stress responses evolve in the same manner. On the other hand, in the unloading process, the lower the deformation rate, the smaller the inclination and the larger the value of stress recovery. In the sustaining process, the same values of strain recovery are observed for all the cases.
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1.0 × 1.0 × 1. In the unloading process, the higher the deformation rate, the shorter the period of dissipation increase and the smaller the rate of dissipation increase in comparison with those in the loading process. In the sustaining process, the opposite trend is observed. In the loading process, most of the stresses change in accordance with the relationship between the total stress and strain. In the unloading process, some of them change from tensile to compressive stresses. In the sustaining process, the stresses is relaxed in a slow manner. 
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Maxwell . Fig. 13 Deformed configurations with von-Mises equivalent stress distributions in the tensile specimen of during loading process. When the specimen reaches a moderate deformation level, the necking phenomenon becomes visible around the center of the specimen, which is followed by the stress concentration due to large deformation accompanied with preferred orientation characteristics of molecular chains. Fig. 14 Deformed configurations with von-Mises equivalent stresses distributions in the tensile specimen of during unloading and re-loading processes. In the unloading process, the nominal and true stresses significantly decrease due to the rapid recovery of elastic springs of each Maxwell element. In the sustaining process, a small strain recovery is realized, since some of the Maxwell elements are supposed to be equilibrated from the non-equilibrium states. , the nominal and true stress attain the maximum value, and gradually decrease toward Phase (C). In the transition process between Phases (D) and (F), the true stress rapidly increases due to the stress concentration around the center of the specimen after the stress softening. In the unloading process, the stresses decrease rapidly, as can be observed in Phases (G) and (H). In the sustaining process, a small strain recovery is observed, as can be seen in Phases (I) and (J). 
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, Fig. 18 Summary of the constitutive equations proposed by Matsubara and Terada (2015) 
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. . Table 6 Material parameters associated with viscoelasticity in the constitutive model of Matsubara and Terada (2015) Maxwell True strain Fig. 19 Relationships between true stress and true strain obtained under tensile loading, unloading and sustaining conditions. In the elastic regime, total stress become higher than that of the proposed model. Since Argon s (1973) viscoplasticity model is employed, the stress softening can not be simulated. Even if it is replaced by another viscoplastic model, the stress softening behavior cannot be obtained, since the total stresses obtained in the viscoelastic and viscoplastic elements are simply added in this model. In the unloading and sustaining processes, the stress responses are similar to those obtained with the proposed. However, as the total deformation gradient affects all rheology elements and the viscoplastic deformation tends to become dominant, the extent of the stress relaxation is smaller than that of the proposed model. 
